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HYPERSONIC AERODYNAMIC CHARACTERISTICS OF FOUR SERIES OF
BLUNT LIFTING BODY AND WINGED REENTRY CONFIGURATIONS*

By Cuyler W. Brooks, Jr., and Charles D. Trescot, Jr.
Langley Research Center

l(/?? 7 SUMMARY

Force and moment data have been obtained at a Mach number of 10.03 on four
serles of blunt 1lifting and winged bodies at angles of attack from -30° to 300 at
an angle of yaw of O° and yaw angles from -6° to 15° at an angle of attack of 0°.

The Reynolds number per foot was approximately 1.65 X 106. The models consisted
of five conoidal bodies, eight flat-top concidal bodies, three Clark-Y section
delta-wing bodies, and two cone-flare bodies. The moment reference center was
taken at 50-percent model length for all models.

The basic conoidal body was investigated with flattened areas on the top and
sides of the aft portion and in a high-fineness-ratio version. The basic conoidal
body was longitudinally and directionally stable except at angles of attack and
yaw near 0°. The flat areas had no significant aerodynamic effects. The high-
fineness-ratio body was longitudinally and directionally stable about the moment
reference center at 50 percent of the body length and had a maximum lift-drag
ratio of 2.2, whereas the lift-drag ratio for the short conoidal body was 1.1.

Of the eight flat-top conoidal bodies, a delta~nose rectangular planform
configuration had the largest maximum lift-drag ratio, 1.8. This model was longi-
tudinally stable about the moment reference center. The nose and aft pitch con-
trols on the basic flat-top conoidal body provided trim points at angles of attack
from -8° to 22° with control deflections from O° to 30°.

. There was no significant aerodynamic effect due to use of vertiecal fins
(except for a positive 6° shift in trim angle of attack) or rear upper-surface
modifications on the longitudinal characteristics of the Clark-Y delta-wing body,
which was longitudinally stable for all three configurations. The Clark-Y bodies
were directionally unstable except for the body with vertical fins, which was
directionally stable up to a yaw angle of 6°.

Newtonian impact theory predictions were made of the longitudinal coeffi-

cients for some of the bodies tested. Generally fair agreement was obtained for
values of 1ift and drag coefficients, but pitching-moment coefficient predictions

were in poor agreement for-some configurations: ’

*Title, Unclassified.




INTRODUCTION

The investigation reported herein was carried out in order to obtain data on
the hypersonic aerodynamic scharacteristics of four series of configurations
having widely differing reentry and recovery characteristics. The first two
series consist of wingless lifting bodies, the third series consists of blunt
delta-wing configurations, and the fourth series consists of ballistic cone-flare
bodies. All models tested are part of a research program on reentry vehicles
for military missions, as reported in references 1 and 2. The experimental data
from the present investigation were previously included in reference 1. Refer~
ences 3 and 4 present data on the same configurations as the present investiga-
tion at Mach numbers of 5 and 8, respectively. Reference 5 presents data
obtained at a Mach number of 18.5 on one configuration of the present investiga-
tion, and references 2 and 6 to 9 present the results of investigations of
similar lifting bodies and thick wing configurations at Mach numbers up to 6.

The present investigation was conducted in the Langley 15-inch hypersonic
flow apparatus at a Mach number of 10.03 and a Reynolds number per foot of

approximately 1.65 X 106. Data were obtained over an angle-of-attack range of
approximately -30° to 30° at zero yaw and over an angle-of-yaw range of -6° to
159 at an angle of attack of 0°. In addition to determining the aerodynamic
characteristics of the basic configurations of the four series, the effective-
ness of nose and aft-mounted pitch controls on one configuration of the lifting-
body series was also investigated.

SYMBOLS

Longitudinal force and moment coefficients are referred to the wind system
of axes, and the lateral and directional force and moment coefficients are
-referred to the body system of axes. The moment reference center for each model
is located as shown in figure 1. For all models, the longitudinal position of
the moment reference center is at 50 percent of the total length. The force and
pitching-moment coefficients are based on the model planform area and total
length, and the rolling- and yawing-moment coefficients are based on the planform
area and maximum span dimension, with the exception of models 4A and 4B. For
these two models, the coefficients are based on the area of the forebody-cone
base, the forebody-cone length (pitching moment), and the forebody-cone base
diameter (rolling and yawing moment).

ay vertical semiaxis of base reference ellipse (fig. 3)
an vertical semiaxis of nose reference ellipse (fig. 3)
by horizont of base reference ellipse (fig. 3)

£
bn horizontal semiaxis of nose reférence ellipse (fig. 3)




reference span (not the same for all models; see table I)

reference length (not the same for all models; see table .I)

1ift coefficient, Siit
qu

drag coefficient, Drag
qu

Pitching moment

pitching-moment coefficient, Py
qnc

Rolling moment

qub

Yawing moment

q,,5b

rolling-moment coefficient,

yawing-moment coefficient,

side-force coefficient, Side force
9,5
lift-drag ratio, CL/CD

maximum 1lift-drag ratio

longitudinal distance between reference ellipses of conoidal
models (fig. 3)

free-stream dynamic pressure

radius

base radius of flat-top conoidal models

radial cylindrical coordinate (fig. 3)
reference area (not the same for all models; see table I)
longitudinal cylindrical coordindte (fig. 3)

longitudinal center-of-pressure location
vertical center-of-pressure location

angle of attack

T



5 flap deflection angle (fig. 1(e))
dn nose deflection angle (fig. 1(e))
0 angular cylindrical coordinate (fig. 3)
14 angle of yaw
MODELS

Drawings of the models are presented in figure 1, and photographs are shown
in figure 2. Four families or series of models were tested: the conoidal
lifting bodies, the flat-top conoidal lifting bodies, the Clark-Y winged config-
urations, and the cone-flare bodies.

The conoidal series of models is designated by the numeral 1. (See
figs. 1(a) and 1(b).) These configurations are composed of straight-line ele-
ments obtained by fairing between two reference ellipses located in parallel
planes 12.95 inches apart. The major axes of the reference ellipses are rotated
90° with respect to one another. For configuration 1A, the forward portion of
the basic form was removed and the end faired into a spheroidal nose. The total
model length was 8.00 inches. Configurations 1B, 1C, and 1D were identical to
configuration 1A, except for flat areas (referred to as "flats") located on the
top and sides. Configuration 1B had a flat on top, configuration 1C had flats
on the sides, and configuration 1D had flats on both the top and sides, as shown
in figure 1(a). Configuration 1E consisted of the full basic form (12.95 inches
between the reference ellipses), with a spheroidal nose faired into the forward
reference ellipse. (See fig. 1(b).)

The second series of models is referred to as the flat-top conoidal series
and is designated by the numeral 2. (See figs. 1(c), 1(d), 1(e), and 1(F).)
The bodies all have plane top surfaces. The straight-line part of the bottom
surface was obtained by fairing straight-line elements between the semicircular
base and a reference line segment contained in the plane of the top surface and
parallel to the plane of the base. For models 2A, 2B, 2C, 2F, and 2G, this
reference line segment was shorter than the base diameter (the models were
tapered); for the other models of this series (2D, 2E, and 2H), the reference
line segment was equal to the base diameter. The noses of all these models were
cylindrically rounded, all had sharp upper leading edges, and all had a total
length of 9.90 inches, except for models 2C and 2H. These two models (figs. 1(e)
and 1(f)) had rounded upper leading edges, and model 2H was 4.50 inches long with
a curved nose of radius 2.25 inches. Configuration 2B differed from the basic
flat-top conoidal configuration 2A only in that it had a boattail surface at the
rear (fig. 1(c)). Configuration 2C was identical to configuration 2A except for
the rounded upper leading edge (fig. 1{c)). Configurations 2D and 2E had a rec-
tangular and a delta-nose planform, respectively (fig. 1(d)). Configuration 2F
consisted of the basic flat-top conoidal model 2A with pitch-control flaps
(Sf = 150 and BOO) on the aft lower surface. The windward surface of the flaps




is curved so as to conform to the body surface at Sf = 0°. Configuration 2G

consisted of model 2A with a deflectable nose (Sn = 15° and 50°> for pitch
control (fig. 1(e)).

The winged-configuration series of models is designated by the numeral 3.
(Ssee figs. 1(g) and 1(h).) These models all had the same clipped-tip delta
planform. The chordwise sections of models 3A and 3B were modified Clark-Y
airfoil sections with flat lower surfaces, and model 3%C had chordwise sections
obtained from those of models 3A and 3B by extending the upper surface straight
back from the point of maximum thickness to the base. Model 3A was provided
with vertical fins; model 3B was identical except that it had no vertical fins.

The cone-flare series of models is designated by the numeral 4. (See
fig. 1(i).) The two cone-flare models differed only in that the nose of model
LB had a 60° canted flat area.

APPARATUS AND TESTS

The present investigations were conducted in the Langley 15-inch hyper-
sonic flow apparatus at a Mach number of 10.0% (an average over the test core),
a total pressure of approximately 1000 lb/sq in. abs, a stagnation tempersture
of approximately 1400° F, and a Reynolds number per foot of approximately

1.65 x 106. The free-stream dynamic pressure ¢, was approximately

1.7 lb/sq in. abs. The dynamic’pressuré Qe 1is computed from the Mach num-

ber 10.0% and the stagnation pressure. Details of the tunnel system are given
in reference 10.

The models were base-mounted, and force and moment measurements were made
by use of an internally located, water-cooled, six-component, strain-gage bal-
ance. 1In general, data were obtained for the configurations over an angle-of-
attack range of -30° to 30° at a yaw angle of 0°. Because of tunnel-size
limitations, however, model 1E was tested only up to an angle of attack of 20°.
The negative angles of attack were obtained by inverting the model on the
balance. The Clark-Y series was not tested at negative angles of attack. Data
were obtained at yaw angles by rotating the model, balance, and sting 90O on the
sting support, and all yaw data were obtained at an angle of attack of o° Each
configuration was tested through an angle-of-yaw range from -6° to l5 w1th the
exception of models 2D, 2E, 2F, and 2G, which were not tested in yaw.

The angle of attack and angle of yaw have been corrected for sting and
balance deflections. The base pressure was measured during each run, and axial
force was adjusted to the condition of free-stream static pressure at the base.

The possible errors in the force and moment data, based on an assumed
balance accuracy of one-half of one percent of the balance load 1limits, are
given in the following table:

Life, 1b . . . . e e e h e s s e e e e s e e e e e e e e +0.5
Drag at Q° angle of attack lb - 2 ¢ ¢
Drag at 30° angle of attack, 1b . . + v v « « v 4 « o o 4 o . o« o . . . 10.3

P— 5



Side force, 1b . o v v v vt b e 4 et e e e e e e e e e e e e . 0.1
Pitching moment, in-1b . . . « & © ¢« ¢ 4 4t 4 v 4 e v e e e e e e e 0. 4
Rolling moment, in-1b. . . o & ¢ & ¢« & v v 4t e et e e e e e e e e +0.1
Yawing moment, In-1b . . & v v v v vt e v e e e e e e e e e e e e '+0.2

Because of the wide variation in model reference dimensions, the possible
errors are presented in terms of forces and moments. The model reference
dimensions are given in table I. The possible error in angle of attack a
is 0.1°. ~

THEORETICAL PREDICTIONS OF MODEL CHARACTERISTICS

Predictions of CL’ CD’ and Cp were made for a number of the models of

the present investigation by using simple Newtonian impact theory. No attempt
was made to account for the effects of skin friction. Coefficients were esti-
mated for models 1A, 1E, 2A, 2D, 2G, and 4A; for these models an exact or
closely approximate equation of the main part of the body surface was available.
For the models having spherical or nearly spherical noses, the contributions of
the nose portion to the total coefficients were obtained from reference 11.

The contributions of the cylindrical noses were calculated directly. The theo-
retical coefficient variations are shown on the data plots of the respective
models for comparison.

- The singly curved or straight-line surfaces of models 1A and 1E are given
exactly by the equation

1/2

< 2ab2bb2
r =
‘7 (abg + bb2> - (abz - bb2>cos 28

1/2

) 2 2
2an“b
+(1-§ nn

Z> (an2 + bn2) - (an2 - bng)cos Eé ' )

where r, x, and 6 are cylindrical coordinates with origin at the center of
the forward reference ellipse, 1 is the distance between the reference
ellipses, and a, b are the vertical and horizontal semiaxes, respectively,

of the base (subscript b) and nose (subscript n) reference ellipses. (See
fig. 3.) This equation was also used to approximate the bottom surfaces of
models 2A and 2D. For this purpose, the vertical semiaxis of the nose refer-
ence ellipse ap 1is made arbitrarily small, so that the nose reference line is




replaced by an arbitrarily flat ellipse. Thus, the flat-top conoidal body
shapes can be approached as closely as desired for calculation purposes. The
value ap = 0.001b, was used in the present calculation. Since the bases of

models 2A and 2D are semicircular, ayp =bp =Ry (R, = 2 inches), and the first

term on the right-hand side of equation (1) becomes Ry %w For model 2A,
bn = 0.729 inch, and for 2D, bp = 2.000 inches.

Model 2G is identical to model 2A except for the deflected forward part of
the body. This deflection is merely equivalent to an Increased angle of attack
of the forebody so far as calculations are concerned.

Model 4A is a simple cone-flare body with a spherical nose; calcula-
tions were made in the usual manner for the cone frustums comprising the
configuration.

On all of the bodies to which equation (1) applies, the theoretical values
of Cp for the models were calculated from the theoretical values of normal-

force coefficient and the theoretical longitudinal center of pressure Xeop

referenced to the moment center, plus the theoretical value of axial-force
coefficlent and an assumed value of Zqp. The theoretical value of x,p for

such surfaces is not easily calculated directly. The centers of pressure of
the surfaces described by equation (1) can, however, be calculated for each
elemental longitudinmal strip on the surface, that is, for each value of 6.

(See rig. 3.) If, as was true for some models, the theoretical location of the
local center of pressure of an elemental strip as a function of 6 +wvaried only
slightly with 6, then the location of the center of pressure on the lower
surface line of symmetry (6 = ) was used as the Xep for the complete surface.
For models where there was considerable variation of the local center of pres-
sure with 0, a value of xgp for the complete surface was selected by

weighting the contributions of the elemental areas near 6 = x mnmore heavily,
since the normal force is greatest in this region. The vertical location of
center of pressure Zep Was assumed to be zero for the axially symmetric

models (1A, 1E), and a value of Zop = % Ry = 1 inch below the moment refer-
ence center was chosen for the flat-top models.

PRESENTATION OF RESULTS

The order of the figures presenting the experimental and theoretical
results is as follows:




Conoidal bodies:

1A,18B,1C,1D Effect of flat areas . . . . « « « « . .
Longitudinal serodynamic characterlstlcs .
Lateral characteristics

1A,1E Effect of fineness ratio .
Experiméntal and theoretical longltudinal
aerodynamic characteristics . . .
Lateral characteristics . . . . . . . . .

Flat-top conoidal bodies:

24,2B,2C Effect of upper-leading-edge radius and boattail .

Iongitudinal aerodynamic characteristics .
Lateral characteristics

2A,2D,2E,2H BEffect of planform shape . .
Longitudinal aerodynamic characteristlcs .
Comparison of experimental and theoretical

longitudinal characteristics . . . .
Lateral characteristics . . . . . . .
24, 2F, 2G Effect of forward and aft pitch controls .

Longitudinal aerodynamic characteristics .
Comparison of experimental and theoretical
longitudinal aerodynamic characteristics
of the forward pitch control . . . . . .

Winged configurations:

34, 3B, 3C Experimental effect of vertical fins and upper

surface modification . . .
Iongitudinal aerodynamic characterlstics .
Lateral characteristics . . . « . « .« &

Cone-flare bodies:

LA, 4B Experimental and theoretical effects of nose cant
Ilongitudinal aerodynamic characteristics .
Lateral characteristics . . . « « « « .« &
Various configurations: Selected schlieren photographs
Conoidal bodies 1A, 1E . . . e v e e e e e « e e e e
Flat-top conoidal bodies 24, 2D e e e e e s e e e e e e e e

Flat-top conoidal bodies 2F (8p =159, 30°) . . . . ... .
Flat-top conoidal bodies 2G (8, = 15°%, 30°) . . . . . .

Winged bodies 3A, 3B, 3C .
Cone-flare bodies 4A .

Figure

k(a)
4(v)



RESULTS . AND DISCUSSION

Conoidal Bodies

Longitudinal characteristics.- The basic short conoidal body 1A, which is
axially symmetrical (fig. 1(a)), is longitudinally stable through the angle-of-
attack range except near 0°, with the trim point at about 11°. (See fig. 4(a).)

oC
<éince SEL is always positive for the present tests,

oC
as §é£> Configuration 1A has an (L/D)pax ©of about 1.1 near an angle of
L

has the same sign

acm
o

attack of approximately 26°.

Configurations 1B and 1D, tested to show the effect of a flat area on the
rear upper surface of the short conoidal body, had essentially the same longi-
tudinal characteristics as the basic body 1A except for a slight decrease in
drag coefficient at negative angles of attack. (See fig. 4(a).) Configura-
tions 1C and 1D, tested with symmetrically placed flat areas on the sides, had
essentially the same longitudinal aerodynamic characteristics as the basic body
and the body with the flat on the rear upper surface.

Increasing the fineness ratio of the basic conoidal configuration 1A to
form configuration 1E caused slight increases in C; and considersable

decreases in CD due to decreased bluntness. (See fig. 5(a).) The values of
CL and Cp are underpredicted by about 25 percent for configuration 1E by

Newtonian impact theory, although the prediction for the basic body 2A is good
below an angle of attack of gbout 20°. The underprediction of minimum drag of
the high~fineness-ratio configuration, compared to the good agreement of theory
and experiment for the basic short conoidal body 1A, is thought to be due to
the greater skin friction drag of configuration 1E. The high-fineness-ratio
body 1E had an (L/D)max of about 2.2, twice that of the short conoidal body,

at an angle of attack of approximately 11°. It is interesting to note that
the Newtonian impact theory prediction of lift-drag ratio is generally good
for both bodies, although Cj, and Cp are considerably underpredicted for

configuration 1H.

At all test angles of attack, the high~fineness-ratio body 1lE is longitu~
dinally stable about the moment reference center at 50 percent of the total
body length (fig. 5(a)). If, however, the pitching-moment coefficient for body
1E were referenced to a moment center 4 inches from the base (the same location
as for body 1A), the higher fineness ratio body would be quite unstable through-
out the angle-of-attack range. The stability characteristics of the short
conoidal body 1A are well predicted at angles of attack above approximately 150;
while for the higher fineness ratio body, stability was underpredicted at all
angles of attack by about 40 percent, more than would be expected from the
underprediction of Cp and Cp.

JduEnED 9



Lateral characteristics.- All of the short conoidal bodies (1A, 1B, 1C,
and 1D) were directionally stable above a yaw angle of about 7°. (see
fig. W(v).) The only significant effect of the side flats (models 1C and 1D)
on the lateral characteristics of the short conoidal body was a slight increase
in directional instability in the unstable region below T° yaw angle. The rear
upper-surface flat had no effect on the lateral characteristics of the short
conoidal body.

The high-fineness-ratio configuration 1E was directionally stable through-
out the test yaw angle range and had about the same level of stability as the
short conoidal body 1A at yaw angles above 10°. As noted for longitudinal sta-
bility, however, body 1E would be directionally unstable if the moment center
were taken as being at 4 inches from the base as for body 1A.

Flat-Top Conoidal Bodies

Longitudinal characteristics.- The basic flat-top conoidal body 2A was, in
general, longitudinally stable throughout the test angle-of-attack range, with
one trim point at an angle of attack of approximately 9°. The (L/D)y., Was

about 1.6 near an angle of attack of 130, but L/D was still 1.5 at the trim
angle of attack of 9°. (See fig. 6(a).)

Boattailing the basic flat-top conoidal body to produce configuration 2B
caused large positive increments in Cp at positive angles of attack so-that

there was no trim point for this body in the test angle-of-attack range. TLift
and drag coefficients were somewhat lower for the boattail body 2B than for the
basic body 2A at positive angles of attack, but there was no significant effect
on lift-drag ratio. As would be expected, there was essentially no effect of
the boattail on the longitudinal characteristics at negative angles of attack.
(See fig. 6(a).)

Rounding the upper leading edge of the basic flat-top conoidal body to
form configuration 2C had essentially no effect on the longitudinal character-
istics except for an increase in Cp.

The rectangular planform body 2D had no stable trim point in the test
angle-of-attack range. (See fig. T(a).) Compared to the basic body 2A (which
has a tapered planform), body 2D had essentially the same values of Cf,
“throughout the angle-of-attack range and considerable increases in Cp up to
an angle of attack of about lho, with a corresponding decrease in L/D. The
delta-nose body 2E, which differed from body 2D only in the planform shape of
the nose, had essentially the same longitudinal stability characteristics as
the basic body 2A; and compared to body 2A, body 2E had a somewhat higher value
of (L/D)pax pnd. L/D at trim (both about 1.8 for body 2E as against 1.6 for

body 24). (See fig. T(a).)

The high-1ift high-drag body 2H was longitudinally stable throughout the
test angle-of-attack range with a trim point at about -11° angle of attack. It
will be noted that, at this angle of attack, Cp and L/D were only very
slightly positive for configuration 2H.
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The Newtonian impact theory prediction of the longitudinal aerodynamic
characteristics of the flat-top conoidal bodies 2A (tapered planform) and 2D
(rectangular planform) is good except for the stability characteristics of con-
figuration 2D. (See fig. 7(b).) The failure to predict Cy for the rectan-

gular planform body is thought to be due to the fact that the shock wave does
not conform to the body shape of configuration 2D as well as for the tapered
planform body 24, because of the wide nose of body 2D. This effect is most
noticeable at the rear of the model, as can be seen in the schlleren photo-
graphs, figure 11(b).

The aft (body 2F) and nose (body 2G) pitch controls on the flat-top conoi-
dal body 2A provide trim points at angles of attack from -8° (8 = 30°) to 22°

(dp = 30°). (See fig. 8(a).) The aft pitch controls lose effectiveness at

large negative angles of attack. At the trim point near -8° angle of attack,
Cy, and, therefore, L/D were zero. Lift coefficlient was somewhat higher for

the aft pitch-control bodies at positive angles of attack, and Cp was greater

due to the use of pitch controls at angles of attack above about -4°,  The aft
pitch controls generally caused larger drag increases than the nose pitch con-
trols. The effect on (L/D)max was a reduction from about 1.6 for the basic

body 2A to about 1.4 for the 150 control deflections and to about 1.0 for the
500 control deflections.

The Newtonian impact theory prediction of the longitudinal aerodynamic
characteristics of the basic flat-top conoidal body 2A and the Bp = 15° and 30°
nose pitch-control bodies 2G (fig. 8(b)) is generally good except for the fail-
ure to predict the trim points and the region of unstable slope near an angle
of attack of 0°. The failure of impact theory to predict Cp well for the
deflected nose bodies is thought to be due to the failure of the theory to pre-
dict the variation of the center of pressure on the aft lower surface with
angle of attack, since Cy 1s very nearly the same at a given angle of attack

whether ®n = 0°, 15°, or 30°. It can be seen in the schlieren photographs
(fig. 11(d)) that since the shock wave pattern changes with angle of attack,
the center of pressure on the portion of the lower surface aft of the deflected
nose will probably not remain stationary throughout the angle-of-attack range.

Lateral characteristics.- All of the flat-top conoidal bodies investigated
at yaw angles were directionally stable throughout the test yaw range. The
boattail 'body 2B had slightly less directional stability than the basic body 24,
while the rounded-upper-leading-edge body 2C had essentially the same lateral
characteristics as body 2A. (See fig. 6(b).) The high-lift high-drag body 2H
had somewhat: less directional stability than the basic body 2A throughout the
test yaw range. (See fig. T(ec). )

Delta-Winged Configurations

Long;tudinal characterigtics.~ The Clark-Y airfoil section delta-winged
configurations were all longitudinally stable in the test angle-of-attack range..




The removal of the vertical fins caused a shift in the trim point from approxi-
mately 6° angle of attack to near OO, and caused a slight reduction in drag.
The (L/D)psyx Wwas about 1.6 near an angle of attack of approximately 20° for

all three configurations. (See fig. 9(a).)

Lateral characteristics.- The Clark-Y body with vertical fins 3A was direc-
tionally stable only below a yaw angle of 6°. The other two bodies, 5B and 3C,
were directionally unstable throughout the test angle-of-yaw range. (See
fig. 9(b).) As would be expected, the level of directional stability varies as
the amount of side area behind the moment reference center: +the body with ver-
tical fins 3A is the most stable at all angles of yaw and body 3C, with the
rear upper surface modification, is somewhat more stable than body 3B.

Cone-Flare Bodies

Longitudinal characteristics.- The cone-flare body 4A is a ballistic con-
figuration with longitudinal stability throughout the angle-of-attack range.
The canted-nose configuration 4B had essentially the same longitudinal stability
as configuration 4A, but had the trim point at an angle of attack of approxi-
mately 2° instead of 0°. The (L/D)y,, of both cone-flare bodies was about 0.8.
(See fig. 10(a).)

The Newtonian impact theory prediction of the longitudinal characteristics
of the cone-flare body 4A is generally good. Impact theory cannot predict the
sharp break in the Cp curve at an angle of attack of 99, which is due to the

bow shock impinging on the flare. (See schlieren photographs, fig. 11(f).

Tateral characteristics.- Both cone-flare bodies were directionally stable
throughout the test yaw range. (See fig. 10(b).) The canted-nose body 4B was
considerably more stable than body 4A. The break in the yawing-moment curve at
an angle of yaw of 9O results from the previously mentioned impingement of the
bow shock on the cone flare.

SUMMARY OF RESULTS

An investigation has been conducted in the Langley 15-inch hypersonic flow
apparatus at a Mach number of 10.03 on four series of lifting and winged bodies
suitable for atmospheric reentry. Force and moment data were obtained at angles
of attack from -30° to 500 for a yaw angle of 0° and at yaw angles from -6° to
15° at an6angle of attack of 0°. The Reynolds number per foot was approximately
1.65 x 10°. '

The most significant results may be summarized as follows:

1. The short conoidal bodies were longitudinally and directionally stable
except near angles of attack and yaw near 0°. Flat areas on the rounded aft
surface of the short conoidal body had no significant effect on either the lon-
gitudinal or lateral aerodynamic characteristics.



2. The high-fineness-=ratio cono : ¥ -had a value of maximim lift-drag
ratio (L/D)y., of about 2.2 as comparedcwith 1.1 for the basic conoidal body.

3. Of the flat-top conoldal bodies, the rectangular planform configuration
with the delta nose had the highest (L/D)p.., 1.8. For the present moment

reference center, this body was longitudinally stable from -30° to 30° angle
of attack, although the rectangular planform body with the plain nose was not.

4, The nose and aft piteh controls on the basic flat—top conoidal body
provided: trim capabllity at angles of attack from -8° to 22°,

5. There was no significant effect of the vertical fins (except for a pos-
itive 6° shift in trim angle of attack) or rear upper surface modification on
the longitudinal aerodynamic characteristics of the Clark-Y winged body, which
is longitudinally stable at all angles of attack. These bodies were direc-
tionally unstable except for the body with the vertical fins which was stable
up to a yaw angle of 6°.

6. The Newtonian impact theory predictions were generally in fair agree-
ment for the 1ift and drag coefficlents, but the pltching-moment coefficient
predictions were in poor agreement for some configuratiqns.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hempton, Va., March 10, 196k%.
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TABLE I.- MODEL REFERENCE DIMENSIONS

{ Designation S, sq in. ¢, in. b, in.
Conoidal bodies
1A 17.170 8.000 2.954
1B 17.170 8.000 2.954
1c 17.018 8.000 2.8%0
1D 17.018 8.000 2.830
1E 22.072 13,477 2.954
Flat-top conoidal bodies
2A 29.55h 9.900 4,000
2B 29.55h4 9.900 k. 000
2C 29,554 9.900 4,000
2D 38.837 9.900 4.000
2E 33,946 9.900 4,000
oF 29,554 9.900 k.000
2G 29,554 9.900 L. 000
2H 18.077 4,500 % .500
Delta-winged bodies |
3A 25.573 8.890 4.450
3B 25.573 8.890 L 450
30 254573 8.890 4,450
Cone-~-flare bodies
ha 3.8%3 L.970 2.209
4B 3.833 4.970 2.209
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b 12.953

Moment reference center
Quitine of configuration 1E

==

Section A-A: Reference ellipse Top view

Outline of configuration 1
for :Qmparison.\

Note L Configuration 1A is sofid outtine with
no flats.

Note 2. Configuration 1B.has a5.050-inch
f1at on the aft upper surface,

2018 Note3. Configuration 1€ has a 2461-inch

Hat on each side at the rear.

8.000 Note 4. Configuration 1D has both aft upper
| Sidevi ) surfage and side fats.
ide view

(a) Conoidal configurations 1A, 1B, 1C, and ID.

12,953

a1 R .
%——— - — -——— — — - 2.954 +
0.428 \
0.638 [+ L

6.738 - 2,018

Section A-A: ‘Reference ellipse N
Top view

0308 R

BATT
Side view

{b) Conoidal configuration 1E.

Figure l.- Drawings of model configurations (design dimensions). All dimensions are in inches.
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See Note 1.

12,587 ]

[« L1506 *l

See Note 2.

9.900

]

\See‘Noie L

0.50R

¢

—5—

tUpper leading-edge radius is 0.120 on configuration 2C;

sharp (0.01)cn 24 and 2B. This is the only difference

between 2A and 2C. I 3.300
See Note 2.

»2. Configuration 2B has 3.300-inch hoattail on aft
fower surface.

(c) Flat-top conoidal configurations 24, 2B (boattail), and 2C (rounded upper leading edge)

' 6.600
4,950
—
- . - -
4,000
L34R
L
] 9.900 -
—— & ‘ ’*T'
0.50R 2.000 R
12.587 »

(d) Flat-top conoidal configurations 2D (rectangular planform) and 2E (delta nose)

Figure 1.~ Continued.
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v
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/L Body contour along pitch-control center lins

Bection A~ 4

/o
o/
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)
-1

SOR

8 = 15° and 30°; forward pitch-control

(e) Drawing showing aft pitch-control configuration 2F,
configuration 2G, 8&p = 15° and 30°.

R
A

0.I35R. Max
decreasing fo 0.00 R as indicated.

0563 R
{on ¢ onwy)

(f£) Drawing of high-1ift, high-drag configuration 2H.

Figure 1.~ Continued.
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2699 ——>

0.430 R

\L——[ 0.311-»] L

L 196—>1
54
Nete: Configuration 3B is identical to 34
except that the vertical tails are off.
T ~N
— = 1 L120
i 0.560 i
s 1%
]
e ———— 85 ]
8.890

(g) Winged configurations 3A and 3B.

(-7 2.699
-
0.430R
\ 5.424

4.450

750

N_

8.890

X

1500

(h) Winged configuration 3C.

Figure 1l.- Continued.



7.179

4.970 12.209

2.209

0.552
Spherical rad. \

Top view

3.590

4.000

—— &

“}600' Canted nose
model 4B

0.276 R

Side view

(i) Cone-flare configurations %A and UB.

Figure 1l.- Concluded.

20




Hodel 1A

Model 1C

Model 1E

(2) Conoidal models.

Figure 2.- Photographs of models.

Model 1B

L-64-L432
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22

Model 2B (bottom view)

Hodel 2C (top view) Model 2C (bottom view)

Model 2D (top view) Model 2D (bottom view)

N

R

Yodel 2% (top view)

Yodel 2E (bottom view)

(b) Flat-top conoidal models. L-64-433

Figure 2.- Continued.



Nodel 2F, 3¢ = 15° Yodel 2F, bp = 30°

Yodel 2G, o, = 15° Model 2G, v, = 30°

(c) Fore and aft pitch-control models.

Model 2H (top view) 'Model 2H (bottom view)

(d) High-1ift, high-drag model 2H. L6443k

Figure 2.- Continued.
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Model 44

Model 4B

(f) Cone-flare models. L-64-436

Figure 2.~ Concluded.
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(a) Longitudinal characteristics.

Figure 4.~ Effect of flat areas on aerodynamic characteristlics of short conoidal models.
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Figure 6.- Effect of upper-leading-edge shape and boattail on characteristics of basic flat-top
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(a) Longitudinal date and Newtonian impact theory.

Figure 10.- Aerodynamic characteristics of cone-flare models.
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Configuration 14 Configuration 1E

(a) Conoidal configurations 1A and 1E. L-64-437

Figure 11.- Selected schlieren photographs of models.
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